Conformational analysis suggests that thujopsene (1) can exist as 2 possible conformations, steroidal and nonsteroidal. The conformation of 1 has been investigated using a NMR spectroscopic method. Analyses of the 1 H NMR, ROESY, and long-range 1 H-1 H COSY spectra indicate that 1 exists in a steroidal conformation. Although the conformations of related compounds 2 and 3 were originally assigned as nonsteroidal, careful reexamination of the published NMR data indicates that both compounds exist in a steroidal conformation.
Thujopsene (1) is the main constituent of the essential oil of Thujopsis dolabrata (Cupressaceae) and is a tricyclic sesquiterpene ( Figure 1 ). 1, 2 The molecular model of 1 indicates the presence of considerable flexibility arising from the cis ring junction. The molecule may adopt either the steroidal or nonsteroidal conformation ( Figure 2 ). 3 Previously, Acharya and Brown 4 reported that 1 reacts preferentially in the steroidal conformation in hydroboration and probably exists preferentially in that form. In addition, there is a report that the steroidal conformation is the preferred form for 1 from its reactivity in photooxidation. 5, 6 However, there is no record confirming the proposed conformation of 1. On the other hand, Bombarda et al 7 showed that the oxidation of 1 using m-chloroperbenzoic acid gave ketone 2, and the reduction of 2 using LiAlH 4 gave alcohol 3 (Figure 1 ). Although the conformations of 2 and 3 were assigned as nonsteroidal from the nuclear magnetic resonance (NMR) data by Bombarda et al, 7 the proposed conformation does not fit well with the reported NMR data. Therefore, reexamination of the conformation of the compounds was necessary. In this paper, we report the conformational assignments of 1 to 3.
Prior to examining the conformation of 1, full assignment of the 1 H-NMR spectrum of 1 was performed on the basis of two-dimensional NMR techniques ( Table 1 ). The present 1 H NMR assignments for 1 are mainly the same as those of Yarovaya et al, 8 Figure 3 ). This was supported by W-type long-range couplings observed between H-8α and Me-13, and H-10α and Me-15 in the long-range 1 H-1 H COSY spectrum, and the 1 H shielding of Me-14 influenced by the anisotropy of the cyclopropane ring. 9 From the above evidence, the previously proposed conformation of 1 was confirmed as the steroidal conformation.
Regarding compound 2, Bombarda et al 7 concluded that "The stereochemistry of the ketone 2 was deduced by examination of the 1 H NMR spectra, and particularly coupling constants between H-3 and H-4 ( 3 J = 7.2 Hz) and the characteristic 'W' coupling constant between H-4 and H-6α, and H-2exo and H-4 ( 4 J = 1.4 Hz) which indicate that H-4 adopts a pseudo-equatorial position." Along with the above description, the nonsteroidal conformation of 2 has been proposed ( Figure 4 ). However, in the proposed conformation, the hydrogens between H-4 and H-6α, and H-2exo and H-4 do not show the W arrangement. The 4 J coupling between H-4 and H-6α can be explained by changing to the steroidal conformation ( Figure 4 ). In addition, even in the steroidal conformation, it was confirmed that H-4 adopts a pseudo-equatorial position (Figure 4 ). On the other hand, Block et al 10 reported that the non-W longrange coupling is observed in the cyclopropane derivatives, which is attributed to the unsaturated character of the ring. This indicates that, in cyclopropane derivatives, caution should be used in assigning stereochemistry on the basis of the presence of long-range coupling. 10 Based on the above, the 4 J coupling observed between H-2exo and H-4 is considered to be non-W coupling. Thus, the proposed conformation of 2 was revised to the steroidal conformation.
In compound 3, Bombarda et al 7 reported W-type long-range coupling between H-4 and H-6α ( 4 J = 1.3 Hz), and nuclear overhauser effect spectroscopy (NOESY) cross peaks between H-4 and H-5, H-5 and H-6α, and H-5 and H-8α. Along with the above NMR data, the nonsteroidal conformation of 3 has been proposed ( Figure 5 ). However, the proposed conformation does not fit well with the NMR data. The 4 J coupling between H-4 and H-6α can be explained by changing to the steroidal conformation ( Figure 5 ). Although the nuclear overhauser effects (NOEs) observed between H-4 and H-5, and H-5 and H-6α can be explained by the proposed conformation, the NOE observed between H-5 and H-8α cannot be explained. When changing to the steroidal conformation, the distance between H-5 and H-8α is close enough to produce the NOE correlation, and the other NOE correlations can also be explained ( Figure 5 ). Therefore, the proposed conformation of 3 was revised to the steroidal conformation.
In conclusion, the previously proposed steroidal conformation of 1 was confirmed by a NMR method for the first time. In addition, by careful reexamination of the published NMR data, the proposed conformations of 2 and 3 were revised to the steroidal conformation.
Experimental
General (−)-Thujopsene was purchased from Sigma-Aldrich and was used as received. NMR spectra were recorded at 600 MHz ( 1 H NMR) and 150 MHz ( 13 C NMR) on a JEOL JNM-ECZ 600R spectrometer. NMR spectra are referenced to residual solvent peaks (CDCl 3 : δ = 7.27 for 1 H NMR and δ = 77.0 for 13 C NMR), and chemical shifts are reported in parts per million.
(−)-Thujopsene (1)
1 H NMR: Table 1 . 13 C NMR (150 MHz, CDCl 3 ): 11.4 (CH 2 , C-2), 19.7 (CH 2 , C-9), 22.3 (CH, C-3), 23.6 (CH 3 , C-12), 26.9 (CH 3 , C-15), 28.7 (CH 3 , C-13), 29.1 (CH 3 , C-14), 31.5 (C, C-7), 33.9 (C, C-11), 35.0 (C, C-1), 36.6 (CH 2 , C-8), 40.4 (CH 2 , C-10), 41.3 (CH 2 , C-6), 114.5 (CH, C-5), 135.6 (C, C-4).
